The manipulation of acid-base balance has been extensively investigated as a means of manipulating Ca homeostasis and managing milk fever in dairy cows. A low dietary cation anion difference (DCAD) increases urinary Ca, blood-ionized Ca, and responsiveness to Ca-homeostatic hormones. Very little attention has been focused on the possibility of using a low dietary DCAD to increase muscle Ca availability, calpain activity, and meat tenderness of beef cattle. Thus, 90 Angus × Simmental crossbred steers were allotted by weight (590.1 ± 2.4 kg) and breed composition (% Simmental) to 3 treatments (6 pens/treatment, 5 steers/ pen) to evaluate the effects of DCAD on beef tenderness. Treatments were initiated 2 wk before slaughter and consisted of 3 DCAD (mEq/100 g) treatments: -16, 0, and +16. Basal diets (DM basis) were 62 to 64% corn, 6 to 9% soybean meal, and 20% corn silage, and were formulated to contain similar concentrations of protein, energy (NEm; NEg), and minerals, with the exception of sodium and chlorine. A commercial chloride ion supplement (PASTURChlor, West Central, Ralston, IA) was added to diets to decrease DCAD and sodium bicarbonate was added to diets to increase DCAD. Performance before initiation of the study did not differ among treatments (P > 0.22). Urine pH did not differ at the initiation of the study (P > 0.57), but did increase at a decreasing rate on d 7 (6.37, 7.69, 8.13) and d 14 (5.68, 7.66, 8.03) of the study as DCAD increased from -16 to 0 to +16, respectively (quadratic, P < 0.02). Gain and gain:feed responded quadratically to DCAD (P < 0.01), increasing from -16 to 0 DCAD and decreasing from 0 to +16 DCAD. Hot carcass weight, dressing percent, fat thickness, LM area, yield grade, marbling score, quality grade distribution, 48 h muscle pH, and Ca content of muscle did not differ among treatments (P > 0.16). In addition, DCAD did not affect Warner-Bratzler shear force among treatments after 7 and 21 d of aging (P > 0.23). Although urine pH was decreased by feeding a -16 DCAD diet, Ca influx into the LM and beef tenderness were not affected by altering the DCAD in finishing beef cattle diets.
INTRODUCTION
Tenderness has been identified as the single most important factor affecting consumers' satisfaction and perception of taste (Morgan et al., 1991) . Postmortem meat tenderization occurs through myofibrillar proteolysis as a result of intracellular, Ca-dependent proteases, µ-and m-calpain (Koohmaraie et al., 1987) . Injection of a Ca chloride solution into beef muscle improves tenderness (Wulf et al., 1996) . However, the process has not been adopted by the beef packing industry because of cost. Supplementation of supranutritional levels of ≥1 million IU/d of vitamin D 3 (D 3 ) for 7 to 10 d before slaughter has been reported to increase muscle Ca, increase activation of calpains, and improve beef tenderness (Montgomery et al., 2000) . However, DMI and ADG decrease, and D3 metabolites can accumulate in tissues (Montgomery et al., 2000) . Thus, alternative feeding strategies are needed to improve tenderness.
Lowering the dietary cation anion difference (DCAD) is an alternative to D3 and Ca chloride that could potentially increase blood Ca and responsiveness to Ca-homeostatic hormones (Block, 1994) . Typical feedlot diets range from -2 to +8 mEq/100 g DCAD (Luebbe et al., 2011) . Negative DCAD diets can increase plasma Ca in cattle and sheep when fed for 10 to 56 d (Jackson et al., 1992; Cho et al., 2006; Las et al., 2007) . When fed for 10 d, a DCAD of -10, in combination with 25-hydroxyvitmain D3,was reported to increase calpain mRNA and protein, and improve muscle tenderness in Korean beef cows (Cho et al., 2006) . Very little attention has been focused on the possibility of using dietary DCAD, alone, to increase Ca availability and meat tenderness in beef cattle. Thus, our hypothesis was that feeding a negative DCAD diet 14 d before slaughter would improve beef tenderness without negatively affecting ADG or DMI. Our objective was to measure performance, carcass characteristics, including tenderness, and muscle Ca content in cattle fed a range of DCAD diets.
MATERIALS AND METHODS

Animals and Diets
Research protocols using animals followed guidelines in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1998) , and were approved by the Purdue Animal Care and Use Committee. Ninety Angus × Simmental cross steers (initial BW = 590.1 ± 2.4 kg), from the Feldun Purdue University herd, were used to determine the effect of DCAD (-16, 0, and +16 meq/100 g DCAD) on performance, carcass characteristics, and beef tenderness. Initial and final BW were determined by weighing steers on 2 consecutive days. Scales (Tru-Test XR3000; Mineral Wells, TX) weighed to the nearest 0.91 (<454 kg) or 2.27 kg (>454 kg), and were checked for accuracy at each weigh date. Steers were blocked by BW into 2 groups (heavy and light), allotted by BW and breed composition (% Simmental) to 3 treatments, and randomly assigned to pen within block (5 steers/pen; 3 heavy pens/diet, and 3 light pens/diet), and housed in curtain-sided, slatted-floor finishing barn in 6.1-× 3.3-m pens. Treatments were initiated 14 d before slaughter. Steers in the heavy block began dietary treatments 29 March 2011, and steers in the light block began dietary treatments 17 May 2011. Steers were previously vaccinated against bovine rhinotracheitis, bovine viral diarrhea, parainfluenza-3, bovine respiratory syncytial virus (Bovi-Shield GOLD FP 5; Zoetis, Florham Park, NJ), Haemophilus somnus, Pasteurella, and Clostridia (Vision-7 Somnus; Merck Animal Health, Summit, NJ), treated with an anthelmintic (Valbazen; Pfizer Animal Health) for internal and external parasites, and implanted with Revalor-XS (4 mg estradiol and 20 mg trenbolone acetate; provided courtesy of Merck Animal Health).
Diets were formulated to meet or exceed NRC (1996) requirements for protein, energy, vitamins, and minerals. Before initiation of the study, all steers were fed a common diet of 55% dry-rolled corn, 20% dry distillers grains with solubles, 20% corn silage, and 5% vitamin/mineral supplement (DM basis) for 109 (heavy block) or 158 d (light block). Treatment diets contained dry-rolled corn, soybean meal, corn silage, and vitamin/ mineral supplement (Table 1) . PASTURChlor (West Central; Ralston, IA) or sodium bicarbonate was added to the basal diet to achieve the desired DCAD concentrations. Dietary cation anion difference concentrations of -16, 0, and +16 were chosen to minimize effects on DMI and were based on data of Cho et al. (2006) , who reported an effect on tenderness at a -10 DCAD, and on data of Luebbe et al. (2011) , who observed that a DCAD between -16 and -45 had similar effects on urine pH and that a DCAD between +16 and +40 had similar effects on urine pH. Because PASTURChlor contains Mg, Mg oxide was added to the 0 and +16 diets to maintain a similar Mg concentration among diets. Dietary cation anion difference of the diets was calculated as (Na + K) -(Cl + S) (mEq/100 g), using feed samples collected 2 wk before initiation of the study. Feed was offered once daily in the morning. Daily feed calls were adjusted to allow for ad libitum feed intake with little or no accumulation of unconsumed feed. Feed refusals were weighed, recorded, and discarded daily. Feed samples were taken every other week, dried in a forced air oven at 60°C for 48 h, and composited for analysis of DM, CP, ADF, NDF, and minerals (Ca, P, Mg, K, Na, Cl, S). Urine was collected from 2 steers/pen on d 0, 7, and 14, via pelvic stimulation into 500-mL plastic bags at ~3 h before feeding, and analyzed for pH (Model SB70P sympHony pH meter; VWR International, Radnor, PA). The pH meter was calibrated using standard solutions of pH 4, 7, and 10, at 20°C.
Carcass Data Collection
Steers were transported to a USDA-inspected facility (Tyson, Joslin, IL) for slaughter after 14 d on study. Hot carcass weights were determined immediately after evisceration and fat thickness, KPH, LM area, and USDA quality and yield grades were determined for all cattle by qualified university personnel 24 h after slaughter. Longissimus muscle samples (12th rib to third lumbar vertebra) were collected from the right and left sides of each steer. Longissimus muscle samples were transported on ice to the Purdue University Meat Laboratory where they were cut 2.54 cm thick, vacuum packaged, and aged for 7 or 21 d, before freezing at -20°C for subsequent Warner-Bratzler shear force (WBSF) determinations. Carcass side and anterior or posterior position of the steak were evenly allotted among aging treatments. An additional LM sample, aged 48 h, was collected from all steers in the light block (n = 45) and frozen at -20°C for subsequent analysis of Ca.
Warner-Bratzler Shear Force Determination
Warner-Bratzler shear force was determined on steaks aged 7 and 21 d, according to standards set by the American Meat Science Association (AMSA, 1995) . Steaks were thawed and cooked on an electric, clamshell grill (George Foreman Indoor/Outdoor grill, model GRP99; Miramar, FL) to an internal temperature of 40°C, turned over, and removed from the heat when an internal temperature of 71°C was reached. After cooking, steaks were chilled at 2 to 5°C overnight. From each steak, six to eight 1.27-cm-diameter cores were removed parallel to the muscle fiber orientation and sheared once in the center, perpendicular to the muscle fibers. A texture analyzer (TA.HDPlus Texture Analyzer; Stable Micro Systems Ltd., Godalming, Surrey, UK) with a WBSF attachment was used at a crosshead speed of 20 cm/min to collect WBSF measurements. Peak measurements were averaged to obtain a single WBSF value for each steak.
Longissimus Muscle pH and Calcium Determination
Muscle pH was determined on a 5-g subsample of the LM, according to the procedures of Bass et al. (2008) . Each sample was diluted 10:1 (wt/vol), with double-distilled, deionized water, and homogenized (Model 1120 Waring Blender; Dynamics Corp., New Hartford, CT). The pH of the homogenate was determined using a pH meter (Model SB70P sympHony pH meter). Muscle Ca was determined on a 5-g subsample of the LM. Approximately 5 g of wet, ground tissue was dried overnight at 100°C. Samples were then ashed at 600°C in a muffle furnace for 16 h. Ashed samples were suspended in 25 mL of 3 N hydrochloric acid and measured in duplicate by diluting 0.5 mL of the hydrochloric acid preparation in 4.5 mL of 0.1% lanthanum chloride solution (100 mM lanthanum chloride, 50 mM HCl). Calcium concentration was determined by flame atomic absorption spectrometry (SpectrAA 220 FS Varian, Agilent Technologies, Santa Clara, CA), using a standard curve of 0, 1, 2, 3, 4, and 5 mg/kg of CaCl 2.
Statistical Analysis
Data were analyzed using the MIXED procedures of SAS (Version 8.0; SAS Inst. Inc., Cary, NC). Pen was the experimental unit with block and pen, nested within treatment, included in the model as random effects. The model included fixed effects of DCAD concentration. Performance data, urine pH, and tenderness were analyzed as repeated measures, and 4 covariance structures were compared for each variable (compound symmetric, autoregressive order 1, heterogeneous autoregressive order 1, and unstructured). The covariance structure that yielded the smallest Bayesian information criterion was used for the results presented. The model included the fixed effects of treatment and day, as well as the appropriate treatment × day interaction. Carcass data were analyzed as a randomized complete block design. Least squares means were computed for all fixed effects and separated, using linear and quadratic coefficients of the DCAD concentration generated by PROC IML when a significant F-test (P < 0.05) was detected.
RESULTS AND DISCUSSION
The length of time negative DCAD diets need to be fed to induce a urine pH change and a change in Ca ho-meostasis in dairy cows is no more than 4 to 5 d (Goff, 2008) . Anion-supplemented diets are generally fed for the last 2 to 3 wk before calving to be effective in increasing Ca in circulation and decreasing milk fever. Thus, DCAD diets in the present study were altered the last 14 d before slaughter. Urine pH for the present study is presented in Fig. 1 . Urine pH decreased throughout the study for steers fed a -16 DCAD diet, whereas urine pH for steers fed 0 and +16 DCAD diets did not change throughout the duration of the study (treatment × time; P < 0.05). Urine pH did not differ on d 0 (P > 0.57). By d 7, urine pH (6.37, 7.69, and 8.13, for -16, 0, and +16, respectively) increased 1.3 units from -16 to 0 DCAD and only increased 0.44 unit from 0 to +16 DCAD (quadratic; P = 0.02). On d 14, urine pH (5.68, 7.66, and 8.03, for -16, 0, and +16, respectively) increased 1.98 units from -16 to 0 DCAD and only increased 0.37 units from 0 to +16 (quadratic; P < 0.01). Similarly, Las et al. (2007) reported a drop in urine pH, as well as blood pH, in sheep after 4 d of consuminga negative DCAD diet. McGrath et al. (2013) demonstrated that a -30 DCAD diet fed to beef steers effectively lowered urine pH after 10 d of supplementation and also observed increased urine Ca concentration in steers fed a -30 DCAD diet. Furthermore, Cho et al. (2006) successfully increased blood Ca in beef cows by feeding a negative DCAD diet 6 to 20 d before slaughter. When urine pH falls to between 6.0 and 7.0 through acidification of the diet, the animal responds to the subacute metabolic acidosis by excreting H+ ions in the urine to compensate for acidosis (Jardon, 1995; Pehrson et al., 1999) . Horst et al. (1997) proposed that urine pH of 5.5 to 6.2 was indicative of compensated metabolic acidosis. Ingestion of a low DCAD diet increases Ca entry into the exchangeable Ca pool by 3 main mechanisms: enhanced intestinal absorption (Lomba et al., 1978; Schonewille et al., 1994; Roche et al., 2007) , increased bone resorption (Block, 1984) , and decreased bone accretion (van Mosel et al., 1994) , with the latter 2 mechanisms appearing to be active only in the presence of acidemia and metabolic acidosis. However, ingestion of a low DCAD diet also increases Ca exit from the exchangeable Ca pool by decreasing renal tubular Ca reabsorption (Stacy and Wilson, 1970; Fredeen et al., 1988) .
Performance data are presented in Table 2 . Average daily gain, DMI, and gain:feed did not differ (P > 0.46) before initiation of the study. Changes in DCAD during the last 14 d did not affect final BW or DMI (P > 0.23). However, ADG and gain:feed for the 14-d trial period responded quadratically to DCAD (P < 0.01), increasing from the -16 to 0 DCAD diet and decreasing from the 0 to +16 DCAD diet. It is unclear from the present study whether decreases in ADG and DMI were due to cattle adapting to diets or a treatment effect. When hydrochloric acid-treated canola meal was used, DMI of sheep fed a -21 DCAD diet was not affected (Las et al., 2007) . Similar to the current study, Las et al. (2007) acid-treated feed (dried distillers grains, soybean meal, rice hulls). In contrast, when attempting to achieve an anionic cattle diet through feeding anionic salts, oftentimes, ADG (Ross et al., 1994a,b; Sexson et al., 2009 ) and DMI (Ross et al., 1994a,b; Luebbe et al., 2011) decrease over longer periods of time. Thus, a neutral DCAD diet is recommended for optimal feedlot performance (Ross et al., 1994a,b) and typical feedlot diets range from -2 to +8 mEq/100 g (Luebbe et al., 2011) . However, mineral acids are more palatable than anionic salts and when used to lower DCAD in dairy cow diets, mineral acids minimize depressions in DMI compared with anionic salts .
Carcass characteristics are presented in Table 3 . Hot carcass weight, dressing percent, fat thickness, LM area, yield grade, marbling score, quality grade, and muscle pH did not differ among treatments (P > 0.16). The percentage of kidney, pelvic, and heart fat responded quadratically to DCAD (P = 0.03), decreasing from -16 to 0 DCAD and increasing from 0 to +16 DCAD. Similar to the present study, Cho et al. (2006) demonstrated that an anionic diet in combination with vitamin D did not impact carcass characteristics. Luebbe et al. (2011) reported that a -16 DCAD diet fed for 145 or 196 d did not impact hot carcass weight or fat thickness, compared with a +20 DCAD diet. However, Luebbe et al. (2011) observed that in calves fed for 196 d during winter, the LM area increased and yield grade decreased by feeding a -16 DCAD compared with feeding a +20 DCAD diet for 196 d. Luebbe et al. (2011) also reported that in yearlings fed for 145 d during summer, a -16 DCAD diet decreased marbling score compared with a +20 DCAD diet. Ross et al. (1994a) reported that cationic diets increased marbling scores and did not affect any other carcass characteristics. Damir et al. (1990) reported that lambs fed a basal diet had similar protein but lower fat and energy in their carcasses, compared with lambs fed an anionic or cationic diet. In dairy cows, positive DCAD diets have been reported to increase milk fat and milk protein (Hu et al., 2007) . Increases in milk fat as a result of increasing DCAD, are thought to be, in part, due to the ability of sodium bicarbonate to increase rumen pH, which increases fiber digestion and ruminal VFA production. Increased VFA then results in increased de novo synthesis of fatty acids in the mammary gland. It is possible that previous studies demonstrating an increase of marbling in steers fed positive DCAD could be a result of increased ruminal production of VFA. An increase in % KPH from 0 to +16 DCAD in the present study supports the concept that sodium bicarbonate increased production of substrates for fatty acid synthesis. However, the fact that we only observed a numerical increase in marbling with increasing DCAD indicates that 14 d is not long enough to enhance marbling deposition.
Longissimus muscle pH (P > 0.16), Ca content of LM (P > 0.61), and tenderness (P > 0.34) after 7 or 14 d of aging (Fig. 2) did not differ among treatments in the current study. Ross et al. (1994a) and Cho et al. (2006) also reported that although anionic diets increased plasma Ca, anionic diets did not alter muscle Ca in beef cattle. Nonetheless, Cho et al. (2006) observed that DCAD and vitamin D increased calpain activity and improved beef tenderness. Increasing LM Ca through dietary means has (Goff and Horst 1993) . In fact, orally administering Ca propionate 3 to 6 h before slaughter has been demonstrated to increase LM Ca and calpain activity, and improve tenderness in beef aged 4 and 7 d, when compared with LM from cattle not drenched with Ca propionate (Duckett et al., 2001) . The fact that LM pH and Ca were not altered by DCAD in the present study suggests that the body is very good at maintaining homeostasis in regard to tissue pH and ion concentrations. Blood pH is ultimately determined by the number of cations and anions in the blood. If more anions than cations enter the bloodstream from the digestive tract, blood and urine pH will decrease. Exhalation of carbon dioxide, lactate production by muscles, and excretion of acid or ammonium salts by the kidney tightly regulate blood pH (Harmon, 1996) to stay within a narrow range of 7.3 to 7.5, making it slightly alkaline (Swenson, 1993) . Thus, urine pH is one of the most sensitive indicators of acid-base homeostasis (Constable et al., 2009) . The fact that LM pH was not altered by anionic diets supports the concept that tissue homeostasis was maintained, despite differences in DCAD. Calcium homeostasis is also precisely regulated in circulation and skeletal muscle by the action of many hormones (e.g., parathyroid hormone and 1,25 dihydroxyvitamin D). The interaction between these hormones and proteins help maintain total serum Ca levels in healthy individuals within a relatively narrow physiologic range of 10% (Peacock, 2010) . Furthermore, ingestion of a low DCAD diet can increase Ca exit from the exchangeable Ca pool by decreasing renal tubular Ca reabsorption (Stacy and Wilson, 1970; Fredeen et al., 1988) , potentially decreasing LM Ca. The fact that LM Ca was not altered in the present study suggests that any potential improvements in increased Ca absorption due to negative DCAD may have been ameliorated by decreased renal Ca reabsorption.
Conclusions
Our current study suggests that lowering DCAD to -16 mEq/100 g can decrease urine pH. However, lowering DCAD to -16 mEq/100 g may inhibit ADG and did not improve beef tenderness. It is possible that homeostatic mechanisms that maintain muscle pH and Ca content could not be altered enough to have an effect on proteolytic enzymes. Therefore, the results of this experiment suggest that decreasing DCAD negatively impacts ADG without increasing muscle Ca or enhancing beef tenderness. AMSA. 1995 
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